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(54) ACTIVE GAS GENERATION DEVICE

(57) An object of the present invention is to provide
an activated gas generation apparatus capable of uni-
formly generating a high-density activated gas at a rela-
tively high speed. In the present invention, the activated
gas generation apparatus is constituted by providing a
gas jet flow straightener (70) below an activated gas gen-
erating electrode group and a nozzle constituent part.
The gas jet flow straightener (70) receives a plurality of
nozzle passing activated gases as a whole at an inlet

part (711) of a gas flow-straightening passage (71). The
gas flow-straightening passage (71) is formed so that the
outlet opening area of an outlet part (710) is set to be
narrower than the inlet opening area of the inlet part
(711), and the cylindrical gas jet of each of the plurality
of nozzle passing activated gases is converted into a
linear flow-straightened activated gas by the
flow-straightening action of the gas flow-straightening
passage (71).
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Description

Technical Field

[0001] The present invention relates to an activated
gas generation apparatus for generating an activated gas
obtained by utilizing a discharge phenomenon from a
source gas.

Background Art

[0002] In a conventional activated gas generation ap-
paratus, a metal electrode such as an Au film may be
formed on a dielectric electrode containing ceramics or
the like as a constituent material to form an electrode
constituent part. In such an apparatus, the dielectric elec-
trode in the electrode constituent part is a main compo-
nent, and the metal electrode formed thereon is depend-
ent.
[0003] One of the conventional activated gas genera-
tion apparatuses is a activated gas generation apparatus
in which a disk-shaped electrode constituent part is used;
and a source gas penetrating from an outer peripheral
part to an inside passes through a discharge space (dis-
charge field), and is sprayed from only one gas spray
hole provided in a central part of the electrode to an out-
side.
[0004] Conventional activated gas generation appara-
tuses including the above-described apparatuses are
disclosed, for example, in Patent Document 1, Patent
Document 2, Patent Document 3, and Patent Document
4.
[0005] In the activated gas generation apparatus dis-
closed in Patent Document 1, discharge is generated be-
tween cylindrical electrodes formed inside and outside a
cylinder, and a source gas is introduced between the
electrodes to generate an activated gas
[0006] (radical-containing gas). The flow path of the
activated gas is squeezed by a blowout port provided at
the tip of the cylinder to spray a plasma jet. The plasma
jet treats an object to be treated set immediately there-
below.
[0007] In the activated gas generation apparatus dis-
closed in Patent Document 2, a pair of opposing elec-
trodes are provided in a flat plate form, and set in a vertical
form, so that a gas is supplied into the electrodes from
the upper side toward the lower side, to treat an object
to be treated set immediately below. The activated gas
generation apparatus having a flat plate electrode struc-
ture is comparatively easily grown in size, which enables
a uniform film formation treatment to a large area. The
similar treatment apparatus in which the pair of opposed
flat plate electrodes are set in a vertical form is used for
many other applications such as Patent Document 5 or
the like, including not only film formation treatment ap-
plications but also surface treatment applications. There
is also an apparatus using an apparatus structure in
which a plurality of pairs of opposing electrodes are

stacked and disposed instead of one pair of opposing
electrodes (Patent Document 6).
[0008] In the activated gas generation apparatus dis-
closed in Patent Document 3, a pair of opposing disk-
shaped electrodes are provided; a large number of pores
are formed in a shower plate form in a ground side elec-
trode among the pair of opposing disk-shaped elec-
trodes; and a discharge part is directly connected to a
treatment chamber. The electrodes are enlarged, or a
plurality of electrodes themselves are provided, and nu-
merous pores are provided, which can provide uniform
large-area nitriding. The discharge space (discharge
field) itself is near the atmospheric pressure, while the
treatment chamber is placed in further reduced pressure
state via the pores. As a result, the activated gas gener-
ated in the discharge field is transported under reduced
pressure via the pores immediately after generation, to
minimize its attenuation, so that the activated gas can
arrive at the object to be treated in a higher density state.
[0009] In the activated gas generation apparatus dis-
closed in Patent Document 4, a pair of opposing elec-
trodes having a rectangular flat plate shape are provided;
gaps are blocked by spacers on three sides; and the gas
is sprayed toward one direction in which a gap is opened.
A gas spray hole is provided at the tip of the opening part,
to blow an activated gas (radical) onto an object to be
treated.

Prior Art Documents

Patent Documents

[0010]

Patent Document 1: Japanese Patent No. 3057065
Patent Document 2: Japanese Patent Application
Laid-Open No. 2003-129246
Patent Document 3: Japanese Patent No. 5328685
Patent Document 4: Japanese Patent No. 5158084
Patent Document 5: Japanese Patent Application
Laid-Open No. 11-335868(1999)
Patent Document 6: Japanese Patent No. 2537304

Summary

Problem to be Solved by the Invention

[0011] In the method for generating the activated gas
disclosed in Patent Document 1, the opening part of the
blowout port has a diameter of several millimeters, so
that a treatment area is extremely limited.
[0012] As the activated gas generation apparatus dis-
closed in Patent Document 1, there is also proposed a
configuration in which electrodes are set in a lateral di-
rection, and a plurality of blowout ports are provided along
the electrodes. This method can provide a large treat-
ment area. However, the method causes complicated
shapes and structures of the cylindrical body and elec-
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trode. Considering semiconductor film formation treat-
ment applications which do not permit atmosphere com-
mingling or the like, component connecting parts are re-
quired to have sufficient sealing characteristics. A tem-
perature near the discharge space (discharge field) is
high, which makes it necessary to separate a high tem-
perature site from a seal material to some extent in order
to have a margin even if cooling is performed. Accord-
ingly, this is expected to cause a considerable apparatus
size.
[0013] In the activated gas generating methods dis-
closed in Patent Document 2, Patent Document 5, and
Patent Document 6, both the discharge space (discharge
field) and the object to be treated are basically treated
under the same pressure near the atmospheric pressure.
The activated gas reacts with others because of its high
energy state, or is apt to be easily deactivated by light
emission or the like. Since the collision frequency in-
creases as the pressure increases, it is desirable that the
generated activated gas is rapidly transferred to reduced
pressure even though a pressure state equal to or higher
than a certain level cannot be avoided for the sake of
expediency of the discharge method in the discharge
field. From such a viewpoint, it is conceivable that, in the
method disclosed in Patent Document 2 or the like, the
radical density has been considerably attenuated when
the activated gas arrives at the object to be treated.
[0014] In contrast, when the activated gas generation
method disclosed in Patent Document 2 or the like is
executed under a pressure lower than the atmospheric
pressure, it is necessary to set also a discharge electrode
in a vacuum treatment chamber, so that the apparatus
is disadvantageously enlarged. Furthermore, in order to
obtain discharge power from the decrease of a discharge
starting voltage caused by the pressure decrease, it is
necessary to provide a higher frequency. In this case,
charged particles such as ions are trapped between the
electrodes, and transported as it is to the object to be
treated. This disadvantageously causes breakage due
to charge-up.
[0015] On the other hand, in the activated gas gener-
ation method disclosed in Patent Document 3, the pores
also serve as an orifice, which makes it necessary to
make the total pore cross-sectional area coincide with a
cross-sectional area necessary for maintaining a prede-
termined pressure difference, and makes it impossible
to increase the number of the pores to the same extent
as that of an original shower plate for a semiconductor
film formation treatment. When the number of the pores
is small, the difference in gas flow rate according to the
arrangement on the electrode is increased, and the flow
rate difference for each pore leads directly to the flux of
the activated gas, so that unevenness occurs in the film
thickness unless the flow rate difference is accurately
grasped, and film treatment conditions are accordingly
set. The gas advances from the disk-shaped outer pe-
ripheral part into the electrodes, and is released from the
pores formed in the discharge field to the outside. This

naturally causes a difference between the radical density
(activated gas density) in the gas penetrating into the
discharge field and immediately released from the pores
and the radical density in the gas disposed on the inner-
most side and passing through the discharge field over
a sufficiently long period of time, and thereafter released,
so that a synergistic effect with the difference of gas flow
rate makes it extremely difficult to provide a uniform film
formation condition.
[0016] In contrast, although not described in Patent
Document 3, it is also conceivable to introduce an acti-
vated gas via a shower plate after causing the activated
gas to pass through an orifice once. For example, only
one hole serving as an orifice is formed in the central part
of a circular electrode. A pressure difference is formed
by only this one orifice. The shower plate is provided
immediately below the orifice, and the activated gas is
diffused over a wide range in an environment having a
pressure reduced to a film formation treatment pressure.
[0017] In this case, since the arrangement pitch of
shower plate pores can surely be made small, the uniform
diffusibility of the gas itself to an object to be treated is
remarkably improved. Since the number of the orifices
is only one stage, unlike the case of a multi-stage orifice
using a plurality of orifices, the gas which has left a dis-
charge field is immediately guided to a low pressure re-
gion, so that the attenuation of radicals can be sup-
pressed. In this method, however, the gas jets sprayed
from the orifice spread in the plate while repeatedly col-
liding with the inner wall surface of the shower plate.
Since the deactivation of the radicals is accelerated by
the collision of the radicals with the objects and the con-
tact of the radicals with the surface for a long time, it is
expected that the amount of the radicals markedly de-
creases when coming out from the shower plate after all.
Therefore, it is considered that the above-described
method via the shower plate is not a fundamental solution
for the attenuation of the density of the radicals.
[0018] In the activated gas generation apparatus dis-
closed in Patent Document 4, the gas spray holes are
required to function as an orifice in order to provide the
following pressure section: the discharge field is set to
be near the atmospheric pressure; and a treatment
chamber in which the object to be untreated is set under
reduced pressure. The electrode constituting the dis-
charge field and the part having the gas spray holes con-
stituting the orifice are different from each other, which
requires positioning mechanisms for the electrode and
the part. In order to prevent the occurrence of the gap in
parts other than the gas spray holes, a sealing mecha-
nism is also required to be provided. Considering the
constitution as described above, the apparatus is expect-
ed to be extremely complicated.
[0019] As described above, in the conventional acti-
vated gas generation apparatuses disclosed in Patent
Document 1, Patent Document 2, and Patent Document
4 or the like, a region which can be subjected to a film
formation treatment is relatively limited to a case of one
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gas spray hole, and a case of a line-like gas spray hole,
or the like. In particular, it is completely impossible to
uniformly treat a wafer having a diameter φ of 300 mm.
Meanwhile, as in the activated gas generation apparatus
disclosed in Patent Document 3, there is means of at-
taching a shower plate for gas diffusion behind the gas
spray holes. However, originally, the activated gas is very
highly active, so that the activated gas advances in the
shower plate while colliding with the wall surface of the
plate, to deactivate most of radicals (activated gas),
which causes a serious problem that the activated gas
generation apparatus cannot withstand practical use.
[0020] It is an object of the present invention to solve
the above problems and to provide an activated gas gen-
eration apparatus capable of uniformly generating a high-
density activated gas at a relatively high speed.

Means to Solve the Problem

[0021] An activated gas generation apparatus accord-
ing to the present invention includes: a substrate accom-
modating part for accommodating a substrate to be treat-
ed; an activated gas generating electrode group including
first and second electrode constituent parts and spraying
an activated gas obtained by utilizing a discharge phe-
nomenon from a source gas from a plurality of gas spray
holes discretely formed in the second electrode constit-
uent part, wherein each of the plurality of gas spray holes
functions as a first restricting cylinder formed in a circular
opening cross-sectional shape with a first diameter in
plan view; and the first diameter is set so that a pressure
difference between a primary pressure before passing
through the gas spray holes and a secondary pressure
after passing is equal to or higher than a predetermined
pressure ratio; a nozzle constituent part including a plu-
rality of nozzle parts provided to correspond to the plu-
rality of spray holes of the activated gas generating elec-
trode group one-on-one, each of the nozzle parts causing
the activated gas sprayed from each of the plurality of
gas spray holes to pass therethrough, to obtain the nozzle
passing activated gas; and a gas jet flow straightener
including an inlet part receiving the plurality of nozzle
passing activated gases passing through the nozzle con-
stituent part, and injecting the flow-straightened activated
gas toward the substrate to be treated, from an outlet
part according to a flow-straightening action causing the
plurality of nozzle passing activated gases to pass
through gas flow-straightening passages, wherein each
of the plurality of nozzle parts includes a second restrict-
ing cylinder formed in a circular opening cross-sectional
shape with a second diameter in plan view and supplying
the activated gas supplied from the first restricting cylin-
der toward the gas jet flow straightener; the second di-
ameter is set to be longer than the first diameter, and the
nozzle passing activated gases are cylindrical gas jets;
and the gas flow-straightening passage is formed so that
an outlet opening area of the outlet part is set to be nar-
rower than an inlet opening area of the inlet part, and

cylindrical gas jets of the plurality of nozzle passing ac-
tivated gases are converted into the linear flow-straight-
ened activated gas along a predetermined direction by
the flow-straightening action.

Effects of the Invention

[0022] Since the activated gas generating electrode
group of the gas supply apparatus according to the
present invention described in the first aspect has a plu-
rality of gas spray holes each functioning as a first re-
stricting cylinder having a first diameter, directivity can
be imparted to the generated activated gas, as a result
of which the activated gas can be supplied at an ultrahigh
speed exceeding Mach. In this case, the presence of the
second restricting cylinder of the nozzle part provided
downstream of the first restricting cylinder makes it pos-
sible to suppress a Mach disk phenomenon which causes
the extreme deceleration of the sprayed activated gas
depending on the impact pressure and the temperature
state caused by the ultrahigh speed of the activated gas
passing through the first restricting cylinder.
[0023] Furthermore, in the gas flow-straightening pas-
sage of the gas jet flow straightener, the outlet opening
area is set to be narrower than the inlet opening area,
and the cylindrical gas jets of the plurality of nozzle pass-
ing activated gases are converted into the linear flow-
straightened activated gas along the predetermined di-
rection according to the flow-straightening action. For this
reason, it is possible to spray the linear flow-straightened
activated gas having high uniformity toward the substrate
to be treated.
[0024] As a result, the activated gas generation appa-
ratus according to the present invention described in the
first aspect exhibits an effect of being capable of supply-
ing the activated gas having high uniformity to the sub-
strate to be treated at a relatively high speed.
[0025] The objects, features, aspects, and advantages
of the present invention will become more apparent from
the following detailed description and the accompanying
drawings.

Brief Description of Drawings

[0026]

Fig. 1 is an illustration diagram schematically show-
ing an overall configuration of an activated gas gen-
eration apparatus according to an embodiment 1 of
the present invention.
Fig. 2 is an illustration diagram showing schematic
configurations of an activated gas generating elec-
trode group, a nozzle constituent part, and a gas jet
flow straightener, which serve as a main part accord-
ing to the embodiment 1 shown in Fig. 1.
Fig. 3 is an illustration diagram schematically show-
ing a cross-sectional structure of the activated gas
generation apparatus.
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Fig. 4 is a perspective view showing an entire struc-
ture of a dielectric electrode of a ground side elec-
trode constituent part constituting the activated gas
generating electrode group.
Fig. 5 is an illustration diagram showing upper and
bottom surface structures or the like of the ground
side electrode constituent part.
Fig. 6 is an enlarged illustration diagram showing a
focused region of Fig. 5.
Fig. 7 is an enlarged top view showing a focused
region of Fig. 5.
Fig. 8 is an illustration diagram showing upper and
bottom surface structures or the like of a high-voltage
side electrode constituent part.
Fig. 9 is a perspective view (part 1) showing an as-
sembling process of the high-voltage side electrode
constituent part and the ground side electrode con-
stituent part.
Fig. 10 is a perspective view (part 2) showing the
assembling process of the high-voltage side elec-
trode constituent part and the ground side electrode
constituent part.
Fig. 11 is a perspective view (part 3) showing the
assembling process of the high-voltage side elec-
trode constituent part and the ground side electrode
constituent part.
Fig. 12 is an illustration diagram showing cross-sec-
tional structures of a nozzle part and its surrounding
in a nozzle constituent part of an activated gas gen-
eration apparatus according to an embodiment of
the present invention.
Fig. 13 is an illustration diagram schematically show-
ing a speed condition of a gas jet using the nozzle
constituent part according to the embodiment 1.
Fig. 14 is an illustration diagram schematically show-
ing a pressure state of the gas jet using the nozzle
constituent part according to the embodiment 1.
Fig. 15 is an illustration diagram schematically show-
ing a speed condition of the gas jet in a conventional
configuration.
Fig. 16 is an illustration diagram schematically show-
ing a pressure state of the gas jet in the conventional
configuration.
Fig. 17 is an illustration diagram schematically show-
ing a speed condition of a gas jet when a pressure
ratio between a generator housing and a treatment
chamber housing is less than 30 times.
Fig. 18 is an illustration diagram schematically show-
ing a pressure state of a gas jet when the pressure
ratio between the generator housing and the treat-
ment chamber housing is less than 30 times.
Fig. 19 is an illustration diagram schematically show-
ing a Mach disk generation structure in the conven-
tional configuration.
Fig. 20 is an illustration diagram schematically show-
ing an effect when the nozzle constituent part ac-
cording to the embodiment 1 is used.
Fig. 21 is a cross-sectional view showing a modified

example of the nozzle part.
Fig. 22 is an illustration diagram showing a configu-
ration of the gas jet flow straightener according to
the embodiment 1.
Fig. 23 is a perspective view showing an entire struc-
ture of the gas jet flow straightener according to the
embodiment 1.
Fig. 24 is an illustration diagram schematically show-
ing a cross-sectional structure of an activated gas
generation apparatus according to an embodiment
2 of the present invention.
Fig. 25 is a perspective view (part 1) showing an
overall configuration of a gas jet flow straightener
according to the embodiment 2.
Fig. 26 is a perspective view (part 2) showing the
overall configuration of the gas jet flow straightener
according to the embodiment 2.
Fig. 27 is a perspective view (part 3) showing the
overall configuration of the gas jet flow straightener
according to the embodiment 2.
Fig. 28 is an illustration diagram showing a configu-
ration of a gas jet flow straightener of an activated
gas generation apparatus according to an embodi-
ment 3 of the present invention.
Fig. 29 is an illustration diagram schematically show-
ing a basic configuration of an activated gas gener-
ating electrode group according to the present em-
bodiment.
Fig. 30 is an illustration diagram showing a specific
configuration example of a high-voltage side elec-
trode constituent part of Fig. 29.
Fig. 31 is an illustration diagram schematically show-
ing a basic configuration of an activated gas gener-
ating part of an activated gas generation apparatus
achieved by the high-voltage side electrode constit-
uent part and the ground side electrode constituent
part shown in Fig 30.
Fig. 32 is an illustration diagram schematically show-
ing a configuration of a film-formation treatment ap-
paratus including the activated gas generating part
of Fig. 31 as a constituent element.

Description of Embodiments

<Embodiment 1>

(Overall Configuration)

[0027] Fig. 1 is an illustration diagram schematically
showing an overall configuration of an activated gas gen-
eration apparatus 501 according to an embodiment 1 of
the present invention.
[0028] As shown in Fig. 1, an activated gas generation
apparatus 501 according to the embodiment 1 is config-
ured by disposing a generator housing 31X on a treat-
ment chamber housing 33X. An activated gas generating
electrode group 301 and a nozzle constituent part 40 are
disposed in the generator housing 31X. A wafer 34 which
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is a substrate to be treated is disposed below the treat-
ment chamber housing 33X. A gas jet flow straightener
70 is provided in a boundary region between the gener-
ator housing 31X and the treatment chamber housing
33X.
[0029] Fig. 2 is an illustration diagram showing sche-
matic configurations of the activated gas generating elec-
trode group 301, the nozzle constituent part 40, and the
gas jet flow straightener 70, which become as a main
part of the activated gas generation apparatus 501 ac-
cording to the embodiment 1. Fig. 3 is an illustration di-
agram schematically showing a cross-sectional structure
of the activated gas generation apparatus 501. In Figs.
2 and 3, regarding the activated gas generating electrode
group 301, the illustrations of metal electrodes 201H and
201L and metal electrodes 101H and 101L, which will be
described later, are simplistically omitted as appropriate.
[0030] With reference to these figures, the overall con-
figuration of the activated gas generation apparatus 501
will be described. The treatment chamber housing 33X
accommodates the wafer 34 which is a substrate to be
treated in a state where the wafer 34 is placed on a bottom
surface, and functions as a substrate accommodating
part for accommodating the wafer 34 in a space.
[0031] The activated gas generating electrode group
301 includes a high-voltage side electrode constituent
part 1A and a ground side electrode constituent part 2A.
The activated gas generating electrode group 301 ob-
tains an activated gas utilizing a discharge phenomenon
from a source gas, and sprays the activated gas from a
plurality of gas spray holes 55 discretely formed in the
ground side electrode constituent part 2A.
[0032] The nozzle constituent part 40 includes a plu-
rality of nozzle parts 12, and the plurality of nozzle parts
12 are provided to correspond to the plurality of spray
holes 55 of the activated gas generating electrode group
301 one-on-one. The activated gas sprayed from each
of the plurality of gas spray holes 55 is caused to pass
through each of the nozzle parts, to obtain a nozzle pass-
ing activated gas.
[0033] The gas jet flow straightener 70 receives the
plurality of nozzle passing activated gases passing
through the nozzle constituent part 40 as a whole at an
inlet part 711 provided on an upper surface. According
to a flow-straightening action causing the plurality of noz-
zle passing activated gas to pass through the gas flow-
straightening passage 71, the flow-straightened activat-
ed gas is injected from an outlet part 710 provided on the
lower surface toward the lower wafer 34.
[0034] Each of the plurality of gas spray holes 55 pro-
vided in the ground side electrode constituent part 2A of
the activated gas generating electrode group 301 is
formed in a circular opening cross-sectional shape with
a first diameter (diameter r1) in plan view, and functions
as a first stage restricting cylinder (first restricting cylin-
der) 13 for supplying the activated gas downward.
[0035] In contrast, each of the plurality of nozzle parts
12 is formed in a circular opening cross-sectional shape

with a second diameter (diameter r2) in plan view, and
includes a second stage restricting cylinder (second re-
stricting cylinder) 14 supplying the activated gas supplied
from the first stage restricting cylinder 13 (gas spray hole
55) toward the inlet part 711 of the gas jet flow straight-
ener 70.
[0036] The diameter r1 which is the first diameter of
the gas spray hole 55 functioning as the first stage re-
stricting cylinder 13 is set so that a pressure difference
between a primary pressure inside the generator housing
31X and a secondary pressure inside the treatment
chamber housing 33X is equal to or higher than a pre-
determined pressure ratio. That is, the gas spray hole 55
is configured as an orifice, and is set so that the pressure
difference between the primary pressure before passing
through the gas spray hole 55 and the secondary pres-
sure after passing is equal to or higher than a predeter-
mined pressure ratio.
[0037] In contrast, the diameter r2 which is the second
diameter of the second stage restricting cylinder 14 of
the nozzle part 12 is set to be longer than the diameter
r1 of the first stage restricting cylinder 13. As a result,
each of the plurality of nozzle passing activated gases is
a cylindrical gas jet.
[0038] The gas flow-straightening passage 71 of the
gas jet flow straightener 70 is set so that the outlet open-
ing area of the outlet part 710 is narrower than the inlet
opening area of the inlet part 711, and formed so that the
cylindrical gas jets of the plurality of nozzle passing ac-
tivated gases are converted into linear flow-straightened
activated gas along an X direction (predetermined direc-
tion) according to the above-mentioned flow-straighten-
ing action.

(Activated Gas Generating Electrode Group 301)

(Presupposition Technique of Activated Gas Generating 
Electrode Group 301)

[0039] Fig. 29 is an illustration diagram schematically
showing a basic configuration of the activated gas gen-
erating electrode group 301 in the activated gas gener-
ation apparatus 501 of the present invention. As shown
in Fig. 12, the activated gas generation apparatus in-
cludes, as the basic configuration, a high-voltage side
electrode constituent part 1 (first electrode constituent
part), a ground side electrode constituent part 2 (second
electrode constituent part) provided below the high-volt-
age side electrode constituent part 1, and a high frequen-
cy power supply 5 (AC power supply part) for applying
an AC voltage to the high-voltage side electrode constit-
uent part 1 and the ground side electrode constituent part
2.
[0040] The high-voltage side electrode constituent part
1 includes a dielectric electrode 11 (first dielectric elec-
trode) and a metal electrode 10 (first metal electrode)
selectively formed on the upper surface of the dielectric
electrode 11. The ground side electrode constituent part
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2 includes a dielectric electrode 21 (second dielectric
electrode) and a metal electrode 20 (second metal elec-
trode) selectively formed on the bottom surface of the
dielectric electrode 21. The metal electrode 20 of the
ground side electrode constituent part 2 is connected to
the ground level, and the AC voltage is applied from the
high frequency power supply 5 to the metal electrode 10
of the high-voltage side electrode constituent part 1.
[0041] By the application of the AC voltage of the high
frequency power supply 5, a region where the metal elec-
trodes 10 and 20 overlap with each other in plan view is
defined as a discharge space in a dielectric space where
the dielectric electrodes 11 and 21 face each other. A
first activated gas generating part is achieved by the
above-described high-voltage side electrode constituent
part 1, ground side electrode constituent part 2, and high
frequency power supply 5.
[0042] In such a configuration, the discharge space is
formed between the high-voltage side electrode constit-
uent part 1 and the ground side electrode constituent part
2 by the application of the AC voltage by the high fre-
quency power supply 5, and a source gas 6 such as ni-
trogen molecules is supplied into the discharge space,
to allow an activated gas 7 such as radicalized nitrogen
atoms or the like to be obtained.
[0043] Fig. 30 is an illustration diagram showing a spe-
cific configuration example of the high-voltage side elec-
trode constituent part 1. A high-voltage side electrode
constituent part 1X which is one specific example of the
high-voltage side electrode constituent part 1 is consti-
tuted by selectively forming a metal electrode 10X having
a ring shape in plan view on the upper surface of a die-
lectric electrode 11X having a circular shape in plan view.
A ground side electrode constituent part 2X which is one
specific example of the ground side electrode constituent
part 2 is constituted by selectively forming a metal elec-
trode 20X having a ring shape in plan view on the bottom
surface of a dielectric electrode 21X having a circular
shape in plan view (upside down in Fig. 30). That is, the
ground side electrode constituent part 2X is formed so
as to have similar configuration as that of the high-voltage
side electrode constituent part 1X except that a vertical
relationship between the metal electrode 20X and the
dielectric electrode 21X is different from that between the
metal electrode 10X and the dielectric electrode 11X.
However, the ground side electrode constituent part 2X
is different from the high-voltage side electrode constit-
uent part 1X in that a gas spray hole 25 (not shown in
Fig. 30) is provided at the center of the dielectric electrode
21X.
[0044] Fig. 31 is an illustration diagram schematically
showing a basic configuration of a second activated gas
generating part achieved by the high-voltage side elec-
trode constituent part 1X and the ground side electrode
constituent part 2X shown in Fig 30.
[0045] As shown in Fig. 14, the activated gas genera-
tion apparatus includes, as the basic configuration, the
high-voltage side electrode constituent part 1X (first elec-

trode constituent part), the ground side electrode constit-
uent part 2X (second electrode constituent part) provided
below the high-voltage side electrode constituent part 1,
and the high frequency power supply 5 (AC power supply
part) for applying an AC voltage to the high-voltage side
electrode constituent part 1X and the ground side elec-
trode constituent part 2X.
[0046] The region where the metal electrodes 10X and
20X overlap with each other in plan view is defined as a
discharge space (discharge field) in the dielectric space
where the dielectric electrodes 11X and 21X face each
other by the application of the AC voltage of the high
frequency power supply 5. The above-described high-
voltage side electrode constituent part 1X, ground side
electrode constituent part 2X, and high frequency power
supply 5 constitute the second activated gas generating
part.
[0047] In such a configuration, the discharge space is
formed between the high-voltage side electrode constit-
uent part 1X and the ground side electrode constituent
part 2X by the application of the AC voltage by the high
frequency power supply 5, and a source gas is supplied
along a gas flow 8 into the discharge space, to obtain the
activated gas 7 such as radicalized nitrogen atoms, which
allows the activated gas 7 to be sprayed to a lower outside
from the gas spray hole 25 provided at the center of the
dielectric electrode 21X.
[0048] Fig. 32 is an illustration diagram schematically
showing a configuration of a film-formation treatment ap-
paratus including the above first or second activated gas
generating part as a constituent element.
[0049] As shown in Fig. 32, a film formation treatment
chamber 33 is disposed below an activated gas gener-
ation apparatus 31 in which the first or second activated
gas generating part is stored in a housing, with an orifice
forming part 32 sandwiched therebetween. For example,
a wafer 34 having a diameter φ of 300 mm is disposed
in the film formation treatment chamber 33.
[0050] In this case, the internal portion of the film for-
mation treatment chamber 33 is set at a reduced pressure
of about a few hundred Pa, while the internal portion of
the activated gas generation apparatus 31 is kept in a
high pressure state of about 10 kPa to about the atmos-
pheric pressure in terms of the characteristics of the elec-
trical discharge method. In order to provide a pressure
difference therebetween, the gas spray hole 25 provided
in the dielectric electrode 21X may have a size that func-
tions as an orifice as in a center hole 32C of the orifice
forming part 32.
[0051] Therefore, the film formation treatment cham-
ber 33 is provided immediately below the activated gas
generation apparatus 31 including the first or second ac-
tivated gas generating part therein, and the gas spray
hole 25 of the dielectric electrode 21X is caused to func-
tion as the center hole 32C of the orifice forming part 32,
which makes it possible to achieve the film-formation
treatment apparatus in which the film formation treatment
chamber 33 is disposed immediately below the activated
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gas generation apparatus 31 without requiring the orifice
forming part 32.
[0052] The activated gas generating electrode group
301 used in the embodiments 1 to 3 is obtained by im-
proving the structures of the high-voltage side electrode
constituent part 1 (IX) and ground side electrode constit-
uent part 2 (2X) in the first or second activated gas gen-
erating part shown in Figs. 29 to 31. The high-voltage
side electrode constituent part 1A and the ground side
electrode constituent part 2A correspond to the high-volt-
age side electrode constituent part 1 (IX) and the ground
side electrode constituent part 2 (2X).

(Specific Configuration of Activated Gas Generating 
Electrode Group 301)

[0053] Fig. 4 is a perspective view showing an entire
structure of a dielectric electrode 211 of a ground side
electrode constituent part 2A constituting the activated
gas generating electrode group 301. Fig. 5 is an illustra-
tion diagram showing upper and bottom surface struc-
tures or the like of the ground side electrode constituent
part 2A. Fig. 5(a) is a top view; Fig. 5(b) is a cross-sec-
tional view taken along line A-A in Fig. 5(a); Fig. 5(c) is
a bottom view, and Fig. 5(d) is a cross-sectional view
taken along line B-B in Fig. 5(a).
[0054] Fig. 6 is an enlarged illustration diagram show-
ing a focused region R11 of Fig. 5(a). Fig. 6(a) is a top
view; and Fig. 6(b) is a cross-sectional view taken along
line A-A in the focused region R11. Fig. 7 is an enlarged
top view of a focused region R12 of Fig. 5(a). An XYZ
coordinate system is appropriately shown in each of Figs.
4 to 7.
[0055] As shown in Figs. 4 to 7, the ground side elec-
trode constituent part 2A (second electrode constituent
part) of the activated gas generating electrode group 301
includes the dielectric electrode 211 and metal elec-
trodes 201H, 201L (a pair of second partial metal elec-
trodes; second metal electrode).
[0056] The dielectric electrode 211 has a rectangular
flat plate structure with an X direction as a longitudinal
direction and a Y direction as a short direction. Herein-
after, in the dielectric electrode 211, with linear stepped
parts 52A, 52B described below as boundaries, a central
part may be referred to as a main region 53, and both
end parts may be referred to as end regions 54A, 54B.
[0057] With respect to the dielectric electrode 211 (sec-
ond dielectric electrode), a plurality of (five) gas spray
holes 55 are provided along the X direction (first direction)
in a central region R50 in the main region 53. The plurality
of gas spray holes 55 are provided so as to pass through
the dielectric electrode 211 from the upper surface to the
bottom surface. Each of the plurality of gas spray holes
55 has a circular shape with a diameter r1 which satisfies
such a dimension that a sectional shape in plan view
functions as an orifice.
[0058] As shown in Figs. 5(b) and 5(c), the metal elec-
trodes 201H, 201L (a pair of second partial metal elec-

trodes) are formed on the bottom surface of the dielectric
electrode 211, and disposed so as to face each other
with the central region R50 of the dielectric electrode 211
sandwiched therebetween in plan view. The metal elec-
trodes 201H, 201L have a substantially rectangular
shape in plan view, and have the X direction (first direc-
tion) as the longitudinal direction (electrode formation di-
rection), and the Y direction (second direction) crossing
at a right angle to the X direction, the Y directions of the
metal electrodes 201H, 201L facing each other. The met-
al electrodes 201H, 201L are equal to each other in size
in plan view, and are symmetrically disposed with the
central region R50 as the center.
[0059] The metal electrodes 201H, 201L are formed
by a metalization treatment on the bottom surface of the
dielectric electrode 211. As a result, the dielectric elec-
trode 211 and the metal electrodes 201H, 201L are inte-
grally formed to constitute the ground side electrode con-
stituent part 2A (second electrode constituent part). Ex-
amples of the metalization treatment include treatments
using a printing firing method, a sputtering treatment, and
a vapor deposition treatment or the like.
[0060] Fig. 8 is an illustration diagram showing upper
and bottom surface structures or the like of a high-voltage
side electrode constituent part 1A (first electrode constit-
uent part). Fig. 8(a) is a top view; Fig. 8(b) is a cross-
sectional view taken along line C-C of Fig. 8(a); and Fig.
8(c) is a bottom view. In Fig. 8, an XYZ coordinate system
is appropriately shown.
[0061] As shown in Fig. 5, a dielectric electrode 111
has a rectangular flat plate structure with an X direction
as a longitudinal direction and a Y direction as a short
direction as with the dielectric electrode 211.
[0062] Metal electrodes 101H, 101L (a pair of first par-
tial metal electrodes; first metal electrode) are formed on
the upper surface of the dielectric electrode 111, and are
disposed so as to face each other with a central region
R60 sandwiched therebetween. The central region R60
has a shape equal to that of the central region R50 of the
dielectric electrode 211 in plan view. In this case, as with
the metal electrodes 201H, 201L, the metal electrodes
101H, 101L have a substantially rectangular shape in
plan view, and have the X direction (first direction) as the
longitudinal direction (electrode formation direction), and
the Y direction (second direction) crossing at a right angle
to the X direction, the Y directions of the metal electrodes
101H, 101L facing each other. The metal electrodes
101H, 101L are equal to each other in size in plan view,
and are symmetrically disposed with the central region
R60 as the center. However, the widths of the metal elec-
trodes 101H, 101L in the short direction (Y direction) and
in the longitudinal direction (X direction) are set to be
slightly shorter than those of the metal electrodes 201H,
201L. The metal electrodes 101H, 101L can be formed
on the upper surface of the dielectric electrode 111 by
the metalization treatment as with the metal electrodes
201H, 201L.
[0063] Figs. 9 to 11 are perspective views showing an
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assembling process of the high-voltage side electrode
constituent part 1A and the ground side electrode con-
stituent part 2A. In Figs. 9 to 11, an XYZ coordinate sys-
tem is appropriately shown.
[0064] As shown in Fig. 9, an activated gas generating
electrode group 301 can be assembled by disposing the
high-voltage side electrode constituent part 1A on the
ground side electrode constituent part 2A. As shown in
Figs. 9 and 10, while the central region R60 of the die-
lectric electrode 111 in the high-voltage side electrode
constituent part 1A and the central region R50 of the di-
electric electrode 211 in the ground side electrode con-
stituent part 2A are positioned so as to overlap with each
other in plan view, the high-voltage side electrode con-
stituent part 1A is stacked on the ground side electrode
constituent part 2A for assembling, so that the activated
gas generating electrode group 301 can be finally com-
pleted as shown in Fig. 11.
[0065] In the dielectric space in which the dielectric
electrode 111 and the dielectric electrode 211 constitut-
ing the activated gas generating electrode group 301 face
each other, a region in which the metal electrodes 101H,
101L and the metal electrodes 201H, 201L overlap with
each other in plan view is defined as a discharge space.
[0066] The metal electrodes 101H, 101L and the metal
electrodes 201H, 201L which are metalization parts are
connected to the (high voltage) high frequency power
supply 5 as in the metal electrodes 10, 20 shown in Fig.
29. The metal electrodes 201H, 201L of the ground side
electrode constituent part 2A are grounded. In the
present embodiment, a 0 peak value is fixed at 2 to 10
kV from the high frequency power supply 5, and an AC
voltage set at a frequency of 10 kHz to 100 kHz is applied
between the metal electrodes 101H, 101L and the metal
electrodes 201H, 201L.
[0067] As described above, unlike the dielectric elec-
trode 211 of the ground side electrode constituent part
2A, the dielectric electrode 111 of the high-voltage side
electrode constituent part 1A has upper and bottom sur-
faces each having a flat shape. Therefore, when the high-
voltage side electrode constituent part 1A is combined
with the ground side electrode constituent part 2A, the
high-voltage side electrode constituent part 1A and the
ground side electrode constituent part 2A are merely
fixed from the upper side to the ground side electrode
constituent part 2A side by a fastening force such as a
spring or a bolt or the like. The high-voltage side electrode
constituent part 1A and the ground side electrode con-
stituent part 2A are not positioned by forming a counter
boring shape or the like, which can provide the activated
gas generating electrode group 301 which minimizes the
possibility of occurrence of contamination due to the con-
tact between the end faces of the dielectric electrode 111
and the dielectric electrode 211 during transportation or
the like.
[0068] The discharge space (discharge field) de-
scribed above cannot be brought close to the gas spray
holes 55 by a certain interval or more in order to suppress

abnormal discharge. Therefore, the space above the
central region R50 (R60) from the discharge space to the
gas spray holes 55 becomes a non-discharge space
(non-discharge field, dead space). In the non-discharge
space, an activated gas is merely decreased without be-
ing generated.
[0069] When the activated gas is generated in the dis-
charge space, and passes through the discharge space,
the activated gas is rapidly attenuated because of its high
energy, and annihilates in a short time. In the case of the
attenuation mechanism of activated gas that loses ener-
gy due to collision with other molecules in a ground state
or the like, the rate of annihilation of the activated gas
can be suppressed by simply lowering a pressure to
merely lower a collision frequency. That is, it is important
to promptly spray the activated gas generated in the dis-
charge space near the atmospheric pressure to the treat-
ment chamber housing 33X (see Figs. 1 and 3) under
reduced pressure. Therefore, the width in the Y direction
of the central region R50 (R60) defining the non-dis-
charge space described above is desirably made to be
as narrow as possible.
[0070] The discharge space cannot be brought close
to the gas spray holes 55 in order to minimize the non-
discharge space. This is because abnormal discharge
may occur when the activated gas is generated if the gas
spray holes 55 are brought too close to the discharge
space. Therefore, in order to fill the non-discharge space,
the activated gas generating electrode group 301 of the
embodiment 1 is characterized in that a wedge-shaped
stepped part 51 (central region step part) projects upward
in the central region R50 of the upper surface of the di-
electric electrode 211, and is integrally formed as the
constituent element of the dielectric electrode 211.
[0071] That is, the wedge-shaped stepped part 51 is
formed so as to have a shorter formation width in the Y
direction (second direction) as approaching each of the
plurality of gas spray holes 55 in plan view without over-
lapping with the plurality of gas spray holes 55 in plan
view. Specifically, the wedge-shaped stepped part 51 is
formed by an aggregate of four rhombic shaped single
body parts 51s (see Fig. 6(a)) which are formed in a rhom-
bic shape in plan view between the five gas spray holes
55 and are discrete from each other, and two triangular
single body parts 51t (see Fig. 6(a)) each having an ap-
proximately isosceles triangular shape in plan view pro-
vided outside the gas spray holes 55 on both ends among
the five gas spray holes 55.
[0072] Therefore, the source gas is supplied from the
outside toward above the central region R50 (below the
central region R60) in the dielectric space along the Y
direction (gas supply direction D1 shown in Figs. 9 to 11),
so that the activated gas obtained when the source gas
passes through the discharge space can be generated,
and sprayed from the plurality of gas spray holes 55 to
the outside along a -Z direction (gas spray direction D2
shown in Figs. 9 to 11).
[0073] In this case, the presence of the wedge-shaped
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stepped part 51 (central region step part) having four
rhombic shaped single body parts 51s and two triangular
single body parts 51t each discretely formed so as to
have a shorter formation width in the Y direction as ap-
proaching each of the plurality of gas spray holes 55 al-
lows a plurality of gas flow paths of the activated gas
corresponding to the plurality of gas spray holes 55 to be
narrowed down above the central region R50 (below the
central region R60) in the dielectric space. As a result,
the activated gas generating electrode group 301 can
increase gas flow rate in each of the gas spray holes 55.
As a result, a higher-density activated gas can be gen-
erated.
[0074] Needless to say, in addition to the planar shape
such as that of the wedge-shaped stepped part 51, the
planar shape may be, for example, a semicircular shape,
and as long as the planar shape is a shape formed so
as to have a shorter formation width in the Y direction
(second direction) as approaching each of the gas spray
holes 55 in plan view without overlapping with the plurality
of gas spray holes 55 in plan view, the above effect can
be achieved.
[0075] Examples of the source gas include a gas con-
taining at least one of nitrogen, oxygen, fluorine, and hy-
drogen. That is, an aspect of supplying a gas such as
oxygen, rare gases, hydrogen, or fluorines as the source
gas is considered. These source gases advance from an
outer peripheral part of the activated gas generating elec-
trode group 301 to an inside along the gas supply direc-
tion D1, and become the activated gas via the discharge
space. The activated gas (gas containing radicals) is
sprayed from the plurality of gas spray holes 55 provided
in the dielectric electrode 211 to the treatment chamber
housing 33X (see Fig. 3) along the gas spray direction
D2. By using the highly reactive activated gas in the treat-
ment chamber housing 33X, the wafer 34 which is a sub-
strate to be treated can be subjected to a film-formation
treatment.
[0076] As described above, the activated gas gener-
ating electrode group 301 can generate a higher-density
activated gas from the source gas containing at least one
of nitrogen, oxygen, fluorine, and hydrogen.
[0077] The wedge-shaped stepped part 51 is provided
on the upper surface of not the dielectric electrode 111
of the high-voltage side electrode constituent part 1A but
the dielectric electrode 211 of the ground side electrode
constituent part 2A. That is, the plurality of gas spray
holes 55 and the wedge-shaped stepped part 51 are
formed in the same dielectric electrode 111. As shown
in Figs. 9 to 11, this eliminates the need for positioning
the plurality of gas spray holes 55 and the wedge-shaped
stepped part 51 when the activated gas generating elec-
trode group 301 is assembled, and can also achieve the
simplification of the apparatus configuration.
[0078] The wedge-shaped stepped part 51 also func-
tions as a spacer defining a gap length (a distance in a
Z direction between the dielectric electrode 11 and the
dielectric electrode 21) in the discharge space between

the high-voltage side electrode constituent part 1 and the
ground side electrode constituent part 2.
[0079] Therefore, as shown in Figs. 9 to 11, by a for-
mation height of the wedge-shaped stepped part 51 ac-
cording to a simple assembling process of laminating the
high-voltage side electrode constituent part 1A on the
ground side electrode constituent part 2A, the gap length
in the discharge space can be set.
[0080] Conventionally, the spacer is often formed in
the discharge space. In this case, creeping discharge
going through the side face of the spacer occurs, which
causes discharge loss and contamination occurrence. In
the activated gas generating electrode group 301, the
wedge-shaped stepped part 51 provided so as to pro-
trude on the upper surface of the dielectric electrode 211
is provided in the central region R50 outside the dis-
charge space, so that the wedge-shaped stepped part
51 leads to the suppression of the contamination occur-
rence or the like.
[0081] As shown in Figs. 4 to 6, in a boundary region
between the main region 53 and the end regions 54A,
54B present on both end sides, the dielectric electrode
211 further includes the linear stepped parts 52A, 52B
(a pair of end region step parts) formed so as to protrude
upward. The linear stepped parts 52A, 52B are formed
so as to extend in the Y direction over the entire length
in the short direction of the dielectric electrode 211 in
plan view. The gap length in the discharge space is de-
fined by the formation heights of the linear stepped parts
52A, 52B together with the formation height of the wedge-
shaped stepped part 51.
[0082] The presence of the linear stepped parts 52A,
52B regulates the inflow of the gas into the discharge
space from both the end parts in the X direction of the
dielectric electrode 211. When the gas can flow in from
both the end parts of the dielectric electrode 211, the gas
spray holes 55 (the gas spray hole 55 present on the
rightmost or leftmost side in Fig. 4) near both the end
parts of the dielectric electrode 211 are apt to be influ-
enced by the inflow amount of the activated gas, so that
the calculation of the gas flow rate of the activated gas
from each of the gas spray holes 55 is complicated, which
causes a problem of difficult control. The problem is elim-
inated by providing the linear stepped parts 52A, 52B.
[0083] By providing the linear stepped parts 52A, 52B,
a gas inflow path between the high-voltage side electrode
constituent part 1A and the ground side electrode con-
stituent part 2A is provided only from two surfaces in the
Y direction. Therefore, the gas flow itself is relatively sta-
bilized, so that a pressure distribution in the discharge
space is constant, which can provide a uniform discharge
space.
[0084] As described above, the dielectric electrode
211 further includes the linear stepped parts 52A, 52B,
so that, even in the gas spray hole 55 close to both the
end parts in the X direction among the plurality of gas
spray holes 55, the influence of the inflow of an unintend-
ed gas or the like from both the end parts causes no
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phenomenon that the inflow amount of the activated gas
changes. This makes it possible to spray the activated
gas without causing variations among the plurality of gas
spray holes 55. As a result, the pressure distribution is
constant, and the flow rates of the plurality of gas spray
holes 55 are equal to each other, which exhibits an effect
of providing the generated radical density relatively equal
to each other in the activated gas passing through the
discharge space.
[0085] As shown in Fig. 7, a non-discharge distance
d25 which is a distance in the Y direction between the
discharge space (end parts on the central region R50
side of the metal electrodes 201H, 201L) and the plurality
of gas spray holes 55 is set to 10 mm or more.
[0086] As described above, the non-discharge dis-
tance d25 is set to 10 mm or more, which makes it pos-
sible to hardly occur abnormal discharge when the acti-
vated gas is generated.
[0087] As shown in Fig. 7 which is an enlarged view of
the focused region R12 of Fig. 5(a), in order to minimize
the non-discharge space, end parts 51H, 51L providing
the longest formation length in the Y direction of the
wedge-shaped stepped part 51 extend to positions ad-
jacent to the metal electrodes 201H, 201L forming the
discharge space. When the end parts 51H, 51L of the
wedge-shaped stepped part 51 and the metal electrodes
201H, 201L overlap with each other, abnormal discharge
may be induced when the activated gas is generated, so
that cutout parts 61H, 61L having a substantially trian-
gular shape in plan view are provided in regions corre-
sponding to the end parts 51H, 51L in the metal elec-
trodes 201H, 201L defining the discharge space. As a
result, a predetermined reference distance (for example,
2 to 3 mm) is secured between the wedge-shaped
stepped part 51 and the metal electrodes 201H, 201L.
[0088] Similarly, as shown in Figs 8(a), 8(b), the metal
electrodes 101H, 101L also have cutout parts 71H and
71L at positions corresponding to the end parts 51H, 51L.
[0089] As described above, the planar shapes of the
metal electrodes 101H, 101L and the metal electrodes
201H, 201L are set so that a shortest distance in plan
view between the discharge space defined by the over-
lapping area in plan view of the metal electrodes 101H,
101L and the metal electrodes 201H, 201L, and the
wedge-shaped stepped part 51 is equal to or greater than
a predetermined reference distance, which makes it pos-
sible to prevent abnormal discharge from occurring when
the activated gas is generated.
[0090] As described above, the widths of the metal
electrodes 101H, 101L in the short direction (Y direction)
and the longitudinal direction (X direction) are set to be
slightly shorter than those of the metal electrodes 201H,
201L, so that planar shapes of the metal electrodes 101H,
101L and the metal electrodes 201H, 201L are partially
different from each other.
[0091] As a result, the occurrence of abnormal dis-
charge which is apt to occur on the end faces of the metal
electrodes 101H, lOlL or the metal electrodes 201H, 201L

can be suppressed.
[0092] When the above effect is not emphasized, the
planar shapes of the metal electrodes 101H, 101L and
the metal electrodes 201H, 201L may be perfectly
matched to each other.
[0093] Furthermore, among the high-voltage side elec-
trode constituent part 1A and the ground side electrode
constituent part 2A (in particular, the dielectric electrodes
111,211), a gas contacting region which is a region
brought into contact with the activated gas is desirably
formed of quartz, alumina, silicon nitride, or aluminum
nitride as a constituent material.
[0094] The surface formed of the constituent material
is a chemically stable substance against the activated
gas, so that the activated gas can be sprayed from the
gas spray holes in a state where the deactivation of the
activated gas is suppressed between the surface and the
gas contacting region brought into contact with the acti-
vated gas.
[0095] As the basic configuration, the plurality of gas
spray holes 55 are formed so as to have the same shape
(circular shape having the same diameter r1).
[0096] On the other hand, a modified configuration is
also considered, in which the shapes (diameters) of the
plurality of gas spray holes are set to be different from
each other between the plurality of gas spray holes 55.
However, the plurality of gas spray holes 55 are required
to satisfy dimensional conditions constituting the orifice.
[0097] When the modified configuration is adopted in
the activated gas generation apparatus 501 of the em-
bodiment 1, the activated gas generation apparatus can
exhibit an effect of setting the spray amount to different
contents between the plurality of gas spray holes 55.

(Application to Film-Formation Treatment Apparatus)

[0098] As shown in Fig. 3, the activated gas generating
electrode group 301 constituted by combining the high-
voltage side electrode constituent part 1A with the ground
side electrode constituent part 2A is stored in the gener-
ator housing 31X of the activated gas generation appa-
ratus.
[0099] There will be considered a case where the film-
formation treatment apparatus is configured using the
activated gas generation apparatus 501 of the embodi-
ment 1.
[0100] In this case, the activated gas (radical-contain-
ing gas) can pass through the inactive space above the
central region R50 in the activated gas generating elec-
trode group 301 in a shorter time, so that a high-density
activated gas can be supplied into the treatment chamber
housing 33X via the nozzle constituent part 40 and the
gas jet flow straightener 70. As a result, a decrease in a
film formation temperature when the film is formed on
the wafer 34 disposed on the bottom surface of the treat-
ment chamber housing 33X, and a reduction in a treat-
ment time can be achieved.
[0101] There will be considered a specific configura-
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tion of a case where the plurality of gas spray holes 55
formed in the dielectric electrode 211 of the ground side
electrode constituent part 2A have the orifice function. In
this case, for example, as one example, the following
environmental setting will be considered: "gas flow rate
of source gas: 4 slm; pressure on upstream side of orifice
(in generator housing 31X): 30 kPa, pressure on down-
stream side of orifice (in treatment chamber housing
33X): 266 Pa, diameter of gas spray hole 55 (orifice): φ
1.3 mm; and formation length of gas spray hole 55 (length
in Z direction, orifice length): 1 mm".
[0102] The film-formation treatment apparatus sub-
jected to the environment setting can directly apply the
activated gas to the wafer 34 in the treatment chamber
housing 33X provided immediately below via the nozzle
constituent part 40 and the gas jet flow straightener 70,
so that an activated gas having a higher density and a
higher electric field can be applied to the surface of the
wafer 34, and a higher-quality film formation treatment
can be achieved, which provides an effect of easily pro-
viding film formation having a high aspect ratio and three
dimensional film formation.
[0103] It is desirable that the pressure of the discharge
space in the activated gas generating electrode group
301 be set to be from 10 kPa to the atmospheric pressure,
and the pressure inside the treatment chamber housing
33X be set to be equal to or lower than the pressure of
the discharge space.
[0104] The activated gas generating electrode group
301 having the above constitution can move the activated
gas into the treatment chamber housing 33X having a
low pressure field according to the pressure setting, so
that an effect of suppressing the attenuation amount of
the density of the activated gas can be exhibited.

(Problem of Activated Gas Generating Electrode Group 
301)

[0105] Each of the plurality of gas spray holes 55 in
the activated gas generating electrode group 301 has a
circular cross-sectional shape (round hole) in plan view,
and the gas spray holes 55 are linearly disposed.
[0106] The object is to uniformly perform a film forming
treatment such as a nitriding treatment in the range where
the plurality of gas spray holes 55 are disposed. The uni-
formity largely depends on a hole pitch which is a distance
between the plurality of gas spray holes 55. From the
result of the film formation treatment, it is necessary to
set the hole pitch to about several millimeters and the
number of holes to several tens or more.
[0107] However, each of the plurality of gas spray
holes 55 also functions as an orifice forming a pressure
difference between the discharge field formed upstream
of the gas spray holes 55 and the treatment chamber
housing 33X downstream thereof, so that the total hole
area of the plurality of gas spray holes 55 is predeter-
mined, and cannot be changed. When several tens of
gas spray holes 55 are provided, the hole diameter of

each of the gas spray holes 55 is small, and falls below
the minimum processing limit to ceramic which is the con-
stituent material of the dielectric electrode 211. There-
fore, when the plurality of gas spray holes 55 are provided
with the hole size and the hole number according to the
minimum processing hole diameter, the hole pitch inev-
itably becomes large. The activated gas generating elec-
trode group 301 has a problem that it is not suitable for
a uniform treatment of uniformly injecting the activated
gas generated by the discharge phenomenon to the wa-
fer 34.
[0108] For example, when the total hole area of the
plurality of gas spray holes 55 is limited to 10 mm2, ten
gas spray holes 55 having a hole diameter of 1.13 mm
per unit are formed at present, and the hole pitch between
the gas spray holes 55, 55 is set to 30 mm. The flow rate
of the activated gas 7 is assumed to be 30 L/min. There-
fore, in order to uniformly inject the activated gas 7, as-
suming ideal processing in which the hole pitch is set to
3 mm and the number of holes is set to 91 with respect
to the gas spray hole 55 to set a hole arrangement density
to 10 times of the current value, it is necessary to set the
hole diameter per one unit of the gas spray holes 55 to
0.37 mm. However, the thickness of the dielectric elec-
trode 211 is about 1 mm, so that the minimum processing
hole diameter is at most φ 0.4 mm. Considering that the
hole diameter tolerance is required to be set to 10% or
less of the hole dimension (tolerance: 6 0.03 to 0.04
mm), the current processing technique makes it extreme-
ly difficult to satisfy the hole diameter tolerance to achieve
the ideal processing.
[0109] A first improvement method is conceivable, in
which the shape of the gas spray hole 55 is not a hole
shape but a slit shape, and the activated gas is continu-
ously supplied to the wafer 34, so that the occurrence of
nitriding unevenness or the like caused by uneven acti-
vated gas injection is suppressed. In this case, it is nec-
essary to set a slit opening area equal to a predetermined
orifice area. This provides a minimal slit having a slit width
of about several tens of micrometers, which makes it im-
possible to form the minimal slit in ceramic while main-
taining a certain amount of tolerance over a distance of
several hundreds of millimeters.
[0110] For example, when the above-described total
hole area is limited to 10 mm2, and the longitudinal
lengths of the slit gas spray holes replacing the plurality
of gas spray holes 55 are set to 300 mm, it is necessary
to set the slit width in the short direction to 30 to 40 mm.
It is substantially impossible to process the dielectric
electrode 211 having a thickness of about 1 mm at the
slit width with the hole diameter tolerance satisfactorily
set to 10% or less of the hole dimension. Therefore, it is
substantially impossible to adopt the first improvement
method.
[0111] A second improvement method is conceivable,
in which the pressure difference is not wholly provided
by a single stage orifice but the pressure difference per
one stage is reduced by providing a plurality pressure
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differences to constitute the orifice in a plurality of stages.
As the pressure difference is smaller, the orifice area can
be set to be larger. Therefore, the gas spray hole can
have a size capable of being processed regardless of
whether the shape of the gas spray hole is a hole-like
shape or a slit-like shape. In this case, however, as the
pressure difference during passing through the orifice is
smaller, the deactivation of the radicals contained in the
activated gas progresses. The amount of N atom radicals
is halved at several milliseconds to several tens of milli-
seconds under pressure of several tens of kilopascals,
so that most radicals are expected to be deactivated
when a plurality of stages of orifices are provided. There-
fore, it is substantially impossible to adopt the second
improvement method.
[0112] When each of the plurality of gas spray holes
55 provided in the activated gas generating electrode
group 301 has an orifice function, and injects the activat-
ed gas at an ultrahigh speed exceeding Mach, the gas
speed, the gas impact pressure of the Mach speed, and
the temperature state influence a gas flow rate frame
(gas jet speed), and provide an effect of extremely de-
creasing the gas flow rate at a certain injecting position.
As a result, a phenomenon occurs, which causes a Mach
disk state (state where the gas flow rate is extremely
lowered at a certain injecting position). It is desirable to
minimize the phenomenon causing the Mach disk state,
but no specific solution has been found.
[0113] In order to solve the problem of the activated
gas generating electrode group 301, in the activated gas
generation apparatus 501 of the embodiment 1, the noz-
zle constituent part 40 as a countermeasure against
Mach disk, and the gas jet flow straightener 70 as a coun-
termeasure against uniform injection of the activated gas
are provided downstream of the activated gas generating
electrode group 301.

(Nozzle Constituent Part 40)

[0114] Fig. 12 is an illustration diagram showing cross-
sectional structures of the nozzle part 12 and its sur-
roundings in the nozzle constituent part 40 used in the
activated gas generation apparatus 501 according to the
embodiment of the present invention. In Fig. 12, an XYZ
rectangular coordinate system is shown.
[0115] As shown in Fig. 12, the nozzle part 12 includes
the second stage restricting cylinder 14 (second restrict-
ing cylinder) as the main constituent part. The gas spray
hole 55 formed in the upper ground side electrode con-
stituent part 2A has an activated gas injection combined
structure C40 provided by the first stage restricting cyl-
inder 13 (first restricting cylinder) and the second stage
restricting cylinder 14 of the nozzle part 12. Hereinafter,
the gas spray hole 55 will be described as the first stage
restricting cylinder 13.
[0116] As described above, the first stage restricting
cylinder 13 (gas spray hole 55) constituting the activated
gas injection combined structure C40 has a circular open-

ing cross-sectional shape with a diameter r1 (first diam-
eter) in an XY plane (in plan view), and supplies the ac-
tivated gas 7 generated from the activated gas generat-
ing electrode group 301 downward (-Z direction). The
diameter r1 is set so that the pressure difference between
the inside of the generator housing 31X (the inside of the
space in the stage before passing through the gas spray
hole 55 of the activated gas generating electrode group
301) and the inside of the treatment chamber housing
33X is equal to or higher than a predetermined pressure
ratio.
[0117] The second stage restricting cylinder 14 of the
nozzle part 12 is continuously disposed with the first
stage restricting cylinder 13 along the Z direction, and
has a bottom surface having an circular opening cross-
sectional shape with a diameter r2 (second diameter) (in
plan view) in the XY plane. The activated gas 7 supplied
from the first stage restricting cylinder 13 is supplied to-
ward the gas flow-straightening passage 71 of the lower
gas jet flow straightener 70. The diameter r2 is set so as
to satisfy "r2 > r1".
[0118] For example, the diameter r1 of the first stage
restricting cylinder 13 (gas spray hole 55) is 1.35 mm,
and the depth (formation length extending in the Z direc-
tion) is 1 mm. The diameter r2 of the second stage re-
stricting cylinder 14 is 8 mm, and the depth (formation
length extending in the Z direction) is 4 mm. For example,
nitrogen gas as the activated gas 7 is supplied at a flow
rate of 4 slm (standard liter per minute). Therefore, the
activated gas 7 which has passed through the first stage
restricting cylinder 13 becomes an ultra-high-speed gas,
and is supplied into the treatment chamber housing 33X
via the second stage restricting cylinder 14 and the gas
jet flow straightener 70.
[0119] The space in the generator housing 31X (in the
stage before passing through the plurality of gas spray
holes 55 of the activated gas generating electrode group
301) becomes the primary pressure space, and the pres-
sure inside the primary pressure space becomes the pri-
mary pressure.
[0120] The secondary pressure is determined by the
first stage restricting cylinder 13 which is the gas spray
hole 55. The activated gas 7 is supplied into the gas flow-
straightening passage 71 of the gas jet flow straightener
70 via the second stage restricting cylinder 14.
[0121] At that time, the pressure ratio PC between the
primary pressure inside the primary pressure space and
the secondary pressure inside the treatment chamber
housing 33X is set to be 30 times or more. Then, the flow
rate of the activated gas 7 which has passed through the
first stage restricting cylinder 13 reaches a flow rate equal
to or higher than Mach by the above pressure ratio PC.
Due to the presence of the second stage restricting cyl-
inder 14, the activated gas 7 suppresses the phenome-
non in which the Mach disk state generated by high speed
jets occurs, and is then supplied into the gas jet flow
straightener 70.
[0122] For example, if the primary pressure inside the
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primary pressure space is 30 kPa, and the pressure in-
side the treatment chamber housing 33X is 266 Pa, the
activated gas 7 has the maximum Mach number exceed-
ing "5" as an ultrahigh-speed gas, and supplied to the
wafer 34 stored in the treatment chamber housing 33X
via the gas jet flow straightener 70.
[0123] In this case, the Mach disk state of which the
occurrence is concerned is effectively suppressed by the
presence of the second stage restricting cylinder 14 of
the nozzle part 12, so that the gas can be applied to the
wafer in a higher speed state than that in the conventional
technique.
[0124] That is, while, by providing the nozzle part 12
having the second stage restricting cylinder 14, the pres-
sure distribution and the flow rate distribution in the treat-
ment chamber housing 33X are eased, to avoid the oc-
currence of the Mach disc MD state, the activated gas 7
is supplied into the treatment chamber housing 33X, and
supplied to the wafer 34 placed on the bottom surface of
the treatment chamber housing 33X.

(Comparison with General Configuration or the like)

[0125] Fig. 13 is an illustration diagram schematically
illustrating a speed condition of a gas jet using the nozzle
constituent part 40 having the nozzle part 12.
[0126] Fig. 14 is an illustration diagram schematically
showing a pressure state of the gas jet using the nozzle
constituent part 40 having the nozzle part 12.
[0127] Fig. 15 is an illustration diagram schematically
showing a speed condition of a gas jet in a general con-
figuration composed only of the first stage restricting cyl-
inder 13, that is, having no nozzle constituent part 40.
[0128] Fig. 16 is an illustration diagram schematically
showing a pressure state of a gas jet in a general con-
figuration composed only of the first stage restricting cyl-
inder 13. In Figs. 13 to 16, the uppermost hatched part
corresponds to the formation region of the high-voltage
side electrode constituent part 1A in the activated gas
generating electrode group 301.
[0129] As shown in Figs. 14 and 16, the above-de-
scribed pressure ratio PC between the primary pressure
and the secondary pressure is set to 30 times or more.
[0130] As is apparent from the comparison between
Fig. 13 and Fig. 15, the nozzle constituent part 40 having
the nozzle part 12 avoids the phenomenon in which a
Mach disk MD occurs, to allow the activated gas 7 to be
supplied to the wafer 34 without extremely lowering the
speed. In contrast, as shown in Fig. 15, a Mach disk MD
is generated in the conventional gas supply apparatus.
[0131] Fig. 17 is an illustration diagram schematically
illustrating a speed condition of a gas jet when the pres-
sure ratio PC between the generator housing 31X (pri-
mary pressure space therein) and the treatment chamber
housing 33X is less than 30 times in the configuration of
the nozzle constituent part 40.
[0132] Fig. 18 is an illustration diagram schematically
illustrating a pressure state of the gas jet when the pres-

sure ratio PC between the generator housing 31X and
the treatment chamber housing 33X is less than 30 times
in the configuration of the embodiment 1. In Figs. 17 and
18, the uppermost hatched part corresponds to the for-
mation region of the high-voltage side electrode constit-
uent part 1A in the activated gas generating electrode
group 301 to be described later.
[0133] As shown in Fig. 18, the above-described pres-
sure ratio PC between the primary pressure and the sec-
ondary pressure is set to less than 30 times.
[0134] As is apparent from the comparison between
Fig. 13 and Fig. 17, in a case where the pressure ratio
PC is 30 times or more, a speed distribution with a higher
jet speed is obtained as compared with a case where the
pressure ratio PC is less than 30 times. A gas having
directivity can be reliably supplied to the surface of the
wafer 34.

(Effects Provided by Second Stage Restricting Cylinder 
14)

[0135] Fig. 19 is an illustration diagram schematically
showing a Mach disk generation structure in the case of
the general configuration including only the first stage
restricting cylinder 13. Fig. 19 assumes a configuration
in which the nozzle constituent part 40 and the gas jet
flow straightener 70 are omitted in the overall configura-
tion shown in Figs. 1 to 3.
[0136] When the activated gas 7 which is the supply
gas passes through the first stage restricting cylinder 13
(orifice), the primary pressure of the primary pressure
space is higher than the secondary pressure of the treat-
ment chamber housing 33X, that is, the spray pressure
of the activated gas 7 from the first stage restricting cyl-
inder 13 is higher than the pressure inside the treatment
chamber housing 33X, a flow passing through the outlet
(orifice outlet) of the first stage restricting cylinder 13
causes a phenomenon called a shock cell structure
(shock cell), and the above shock cell structures are pe-
riodically observed in a downstream direction. The shock
cell structure means a structure of a shock wave in which
reflected shock waves RS to be described later are re-
peatedly obtained at boundary regions JB (Jet Boundary)
to be described below.
[0137] Such a case where the pressure at the orifice
outlet is greater than the pressure inside the treatment
chamber housing 33X is called under expansion and the
flow expands after passing through the orifice outlet.
[0138] When the pressure at the outlet of the orifice is
further greater than the pressure of the treatment cham-
ber housing 33X, the gas has not yet sufficiently expand-
ed, so that expansion waves EW (Expansion Waves) are
generated from the edge of the outlet of the orifice, and
the gas greatly expands to the outside. When the Mach
number of the gas is great, the expansion waves EW are
reflected by the boundary region JB (Jet Boundary), be-
come compression waves and return to a jet center axis
side. Note that the compression wave is a wave whose
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pressure is higher than a reference value. When the com-
pression wave passes through, the pressure at the point
where the compression wave passes rises. The expan-
sion wave means a wave whose pressure is lower than
a reference value. When the expansion wave passes
through, the pressure at the point where the expansion
wave passes lowers.
[0139] Thus, when the pressure difference before and
after before and after the gas passes through the first
stage restricting cylinder 13 is great, the formed com-
pression waves catch up with preceding compression
waves to form barrel-shaped barrel shock waves BS (bar-
rel shock). When the pressure difference becomes fur-
ther greater, the barrel shock waves BS cannot normally
intersect on the center axis of the jet, and in the axisym-
metric jet, a disk-shaped normal shock wave called a
Mach disk MD (Mach shock wave) is formed. The flow
behind the Mach disk MD is a subsonic flow. A reflected
shock wave RS (Reflection Shock) is generated from the
end of the barrel shock wave BS. Note that a triple point
TP is a point at which the barrel shock wave BS which
is a compression wave, the Mach disk MD, and the re-
flected shock wave RS intersect.
[0140] In contrast, as shown in Fig. 20, the nozzle con-
stituent part 40 is disposed below the activated gas gen-
erating electrode group 301, and the second stage re-
stricting cylinder 14 continuously formed with the first
stage restricting cylinder 13 is provided, so that expanded
waves EW are reflected by a side surface of the second
stage restricting cylinder 14, to allow barrel shock waves
BS to normally intersect on a center axis XC of the jet.
Therefore, the occurrence of a Mach disk MD can be
avoided. In Fig. 20, the presence of the gas jet flow
straightener 70 is omitted for convenience of explanation.

(Effects of Nozzle Constituent Part 40 or the like)

[0141] The first stage restricting cylinder 13 (gas spray
hole 55) provided above the nozzle part 12 and having
the opening having the diameter r1 makes it possible to
impart directivity to the activated gas 7 sprayed to the
treatment chamber housing 33X, so that the gas can be
supplied to the wafer 34 which is the substrate to be treat-
ed at an ultra-high speed exceeding Mach.
[0142] In this case, due to presence of the second
stage restricting cylinder 14 of the nozzle part 12 provided
between the first stage restricting cylinder 13 and the
treatment chamber housing 33X, it is possible to effec-
tively suppress the occurrence of a Mach disk MD in
which the sprayed activated gas 7 gas is extremely de-
celerated due to impact pressure and temperature
caused by the ultrahigh speed of the sprayed activated
gas 7.
[0143] Thus, the nozzle constituent part 40 is provided
below the activated gas generating electrode group 301,
and the film is formed on the surface of the wafer 34
having a high aspect ratio, which makes it possible to
exhibit an effect of supplying the activated gas 7 to the

wafer 34 stored in the treatment chamber housing 33X
via the gas jet flow straightener 70 so that the film having
a three-dimensional structure can be formed.
[0144] In the activated gas generation apparatus 501
according to the embodiment 1, by setting the pressure
ratio PC between the primary pressure inside the gener-
ator housing 31X and the secondary pressure inside the
treatment chamber housing 33X to 30 times or more, the
activated gas 7 can be supplied in a high speed state to
the wafer 34 which is a substrate to be treated.
[0145] By setting the diameter r2 of the second stage
restricting cylinder 14 to be within 30 mm, the nozzle
constituent part 40 can more effectively suppress the
Mach disk MD.
[0146] Fig. 21 is a cross-sectional view showing a mod-
ified example of the nozzle part 12. In Fig. 21, an XYZ
rectangular coordinate system is shown.
[0147] As shown in Fig. 21, the nozzle part 12B of the
modified example includes a second stage restricting cyl-
inder 14B (second restricting cylinder) and a third stage
restricting cylinder 15 (third restricting cylinder) as main
components.
[0148] That is, the nozzle part 12B is formed of a con-
figuration including the two restricting cylinder groups
14B and 15.
[0149] The first stage restricting cylinder 13, which is
the gas spray hole 55 provided in the ground side elec-
trode constituent part 2A, has a circular opening cross-
sectional shape with a diameter r1 in plan view, and sup-
plies the activated gas 7 generated in the activated gas
generating electrode group 301 downward.
[0150] The second stage restricting cylinder 14B is
continuously disposed with the first stage restricting cyl-
inder 13 along the Z direction, and has a bottom surface
having a circular opening cross-sectional shape with a
diameter r2B in plan view. The activated gas 7 supplied
from the first stage restricting cylinder 13 is supplied
downward. The diameter r2B is set so as to satisfy "r2B
> r1". The diameter r2B may be set to be equal to the
diameter r2 of the first stage restricting cylinder 13 of the
nozzle part 12.
[0151] The third stage restricting cylinder 15 is contin-
uously formed with the second stage restricting cylinder
14B along the Z direction, and has a bottom surface hav-
ing a circular opening cross-sectional shape with a diam-
eter r3 (third diameter) (in plan view) in the XY plane.
The activated gas 7 supplied from the second stage re-
stricting cylinder 14B is supplied to the lower gas jet flow
straightener 70. The diameter r3 is set so as to satisfy
"r3 > r2B".
[0152] For example, when the diameter r1 of the first
stage restricting cylinder 13 is 1.35 mm; the depth is 1
mm; the diameter r2B of the second stage restricting cyl-
inder 14B is 8 mm; and the depth is 4 mm, the diameter
r3 of the third stage restricting cylinder 15 is set to 20
mm, and the depth (formation length extending in the Z
direction) is set to 46 mm. For example, by supplying
nitrogen gas as the activated gas 7 at a flow rate of 4
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slm, the activated gas 7 which has passed through the
first stage restricting cylinder 13 becomes an ultra-high-
speed gas, and is supplied into the gas jet flow straight-
ener 70 via the second stage restricting cylinder 14B and
the third stage restricting cylinder 15.
[0153] In the nozzle part 12B of the modified example
together with the first stage restricting cylinder 13, an
activated gas injection combined structure C40B is con-
stituted by the second stage restricting cylinder 14B and
the third stage restricting cylinder 15 having the openings
having the diameter r2B and the diameter r3, so that di-
rectivity can be imparted to the activated gas 7 sprayed
to the treatment chamber housing 33X via the gas jet
flow straightener 70. In this case, the presence of the
second stage restricting cylinder 14B of the nozzle part
12B makes it possible to effectively suppress the Mach
disk MD phenomenon.
[0154] The nozzle part 12B of the modified example
further includes a third stage restricting cylinder 15 in
addition to the second stage restricting cylinder 14B, and
the diameter r3 of the third stage restricting cylinder 15
is set to be longer than the diameter r2B of the second
stage restricting cylinder 14B, so that the activated gas
7 can be supplied to the wafer 34 in the treatment cham-
ber housing 33X in a state where the occurrence of the
Mach disc MD caused by the high speed jet generated
at the pressure ratio PC is suppressed to be equal to or
greater than that in the nozzle part 12.

(Gas Jet Flow Straightener 70)

[0155] Fig. 22 is an illustration diagram showing a con-
figuration of the gas jet flow straightener 70. Fig. 22(a)
is a top view; Fig. 22(b) is a cross-sectional view showing
a cross-sectional structure in the longitudinal direction of
Fig. 22(a); and Fig. 22(c) is a cross-sectional view show-
ing a cross-sectional structure in the short direction of
Fig. 22(a).
[0156] Fig. 23 is a perspective view showing an entire
structure of the gas jet flow straightener 70. In Figs. 22
and 23, an XYZ coordinate system is appropriately
shown. In Fig. 22, regarding the activated gas generating
electrode group 301, the illustrations of metal electrodes
201H and 201L and metal electrodes 101H and 101L are
simplistically omitted as appropriate.
[0157] As shown in Figs. 1 to 3, and Figs. 22 and 23,
the activated gas 7 passes through the plurality of nozzle
parts 12 of the nozzle constituent part 40, and the gas
jet flow straightener 70 receives the plurality of nozzle
passing gases as a whole at the inlet part 711 of the gas
flow-straightening passage 71. The gas jet flow straight-
ener 70 injects the flow-straightened activated gas to-
ward the wafer 34 which is the lower substrate to be treat-
ed, from the outlet part 710 according to the flow-straight-
ening action causing the plurality of nozzle passing acti-
vated gases to pass through the gas flow-straightening
passage 71. In this case, the flow-straightened activated
gas is supplied along the direction perpendicular to the

wafer 34.
[0158] Both the inlet part 711 and the outlet part 710
of the gas flow-straightening passage 71 are opened in
a line shape with the X direction as the longitudinal di-
rection and the Y direction as the short direction. In the
gas flow-straightening passage 71, the outlet opening
area of the outlet part 710 is set to be narrower than the
inlet opening area of the inlet part 711, and the cylindrical
gas jet of each of the plurality of nozzle passing activated
gases is converted into a linear flow-straightened acti-
vated gas along the X direction (predetermined direction)
according to the flow-straightening action. Specifically,
the gas flow-straightening passage 71 has such a shape
that the width in the short direction (Y direction) is shorter
than a short direction length LB from the inlet part 711
toward the outlet part 710 while the width in the longitu-
dinal direction (X direction) is maintained at a given lon-
gitudinal direction length LA.
[0159] For this reason, the gas jet flow straightener 70
can inject the linear flow-straightened activated gas hav-
ing high uniformity toward the wafer 34 which is the sub-
strate to be treated.
[0160] Hereinafter, the above effects will be described.
The plurality of nozzle passing gases to which the plu-
rality of nozzle parts 12 of the nozzle constituent part 40
are added form gas jet cylinders discretely formed from
the gas spray holes 55, and flow in the gas flow-straight-
ening passage 71 of the gas jet flow straightener 70.
[0161] The gas jet flow straightener 70 has a structure
which is narrower as it goes from the inlet part 711 to the
outlet part 710 as described above, so that the plurality
of cylinder gas jets are crushed, and spread in the X
direction (predetermined direction). Therefore, finally,
the linear flow-straightened activated gas is obtained,
and sprayed from the outlet part 710.
[0162] Therefore, a uniform treatment is performed by
eliminating contrasting density generated between the
plurality of nozzle passing gases according to the ar-
rangement of the plurality of gas spray holes 55 discretely
provided in the activated gas generating electrode group
301. As a result, a uniform film forming treatment can be
achieved by the activated gas 7 (flow-straightened acti-
vated gas) uniformly sprayed to the wafer 34 which is the
substrate to be treated.
[0163] From the viewpoint of exhibiting an effect of sup-
pressing the deactivation of nitrogen-based radicals as
the activated gas, the gas jet flow straightener 70 is de-
sirably made of quartz, and more desirably alumina, alu-
minum, or an aluminum alloy. Considering that quartz is
expensive and bothersome in treating, an aluminum alloy
is easiest to treat. There may be used a metal material
having a surface to which a glass lining treatment or ce-
ramic coating is applied.
[0164] In order to exhibit the above effect, a gas contact
region (the surface region of the gas flow-straightening
passage 71), which is a region in contact with the acti-
vated gas 7, in the gas jet flow straightener 70 is desirably
formed by using quartz or an alumina material as a con-

29 30 



EP 3 468 309 A1

17

5

10

15

20

25

30

35

40

45

50

55

stituent material.
[0165] The outlet opening area of the outlet part 710
is narrower than the inlet opening area of the inlet part
711 of the gas jet flow straightener 70. However, as
shown in Fig. 22(b), the length in the X direction which
is the longitudinal direction is set to the same longitudinal
direction length LA. As shown in Fig. 22(c), the length in
the Y direction, which is the short direction, is shorter
from the inlet part 711 to the outlet part 710.
[0166] Therefore, the longitudinal direction length LA
is caused to coincide with the formation length of the
wafer 34, and while the generator housing 31X of the
activated gas generation apparatus 501 is moved along
the Y direction with respect to the wafer 34, the activated
gas 7 is supplied as the flow-straightened activated gas
from the gas flow-straightening passage 71, so that the
activated gas 7 can be supplied to the entire wafer 34.
In a state where the generator housing 31X is fixed, the
wafer 34 may be moved.
[0167] The gas flow-straightening passage 71 of the
gas jet flow straightener 70 supplies the flow-straight-
ened activated gas along the direction perpendicular to
the wafer 34 which is the substrate to be treated, so that
the flow-straightened activated gas can be supplied to
the wafer 34 in a highly uniform state.
[0168] Since the activated gas generating electrode
group 301 in the activated gas generation apparatus 501
according to the embodiment 1 has the plurality of gas
spray holes each serving as the first restricting cylinder
having the diameter r1, directivity can be imparted to the
generated activated gas, as a result of which the activat-
ed gas can be supplied at an ultrahigh speed exceeding
Mach. In this case, the presence of the second restricting
cylinder 14 of the nozzle part 12 provided downstream
of the first stage restricting cylinder 13 (gas spray hole
55) makes it possible to suppress a Mach disk phenom-
enon which causes the extreme deceleration of the
sprayed activated gas depending on the impact pressure
and the temperature state caused by the ultrahigh speed
of the activated gas passing through the first restricting
cylinder 13.
[0169] In addition, in the gas flow-straightening pas-
sage 71, the outlet opening area of the outlet part 710 is
set to be narrower than the inlet opening area of the inlet
part 711, and the cylindrical gas jet of each of the plurality
of nozzle passing activated gases passing through the
nozzle constituent part 40 is converted into the liner flow-
straightened activated gas along the X direction (prede-
termined direction) according to the flow-straightening
action causing the plurality of nozzle passing activated
gases to pass through the gas flow-straightening pas-
sage 71. For this reason, the gas jet flow straightener 70
makes it possible to spray the linear flow-straightened
activated gas having high uniformity toward the wafer 34
which is the substrate to be treated.
[0170] It is desirable that the source gas 6 of the acti-
vated gas 7 be a gas containing at least nitrogen, oxygen,
fluorine, and hydrogen gas. In this case, the activated

gas generation apparatus can be used not only for for-
mation of an insulating film such as a nitride film or an
oxide film, but also for resist peeling and surface treat-
ment of the wafer 34 having a high aspect ratio using an
activated gas of a fluorinated gas as an etching gas or a
cleaning gas. Furthermore, by applying an ultra-high-
speed gas such as a hydrogen radical gas to the surface
of the wafer 34, the activated gas 7 usable for applications
other than insulating film formation, an etching treatment,
and a cleaning function can also be supplied. Therefore,
the gas supply apparatus can be used for various film
formation treatments.

<Embodiment 2>

[0171] Fig. 24 is an illustration diagram schematically
showing a cross-sectional structure of an activated gas
generation apparatus 502 according to an embodiment
2 of the present invention. Fig. 24 is a cross-sectional
view taken along a Y direction, and the cross-sectional
direction of Fig. 24 is different from that of the cross-
sectional view of Fig. 3 which is a cross-sectional view
taken along an X direction. That is, Fig. 24 is a cross-
sectional view taken along the Y direction forming 90
degrees with the X direction which is an arrangement
direction in which a plurality of gas spray holes 55 are
formed.
[0172] Figs. 25 to 27 are perspective views showing
an entire configuration of a gas jet flow straightener 70B.
Figs. 25 and 26 are views as viewed at angles changed
from the upper side (+ Z direction), and Fig. 27 is a view
as viewed from the lower side (-Z direction).
[0173] The activated gas generation apparatus 502 is
different from the activated gas generation apparatus 501
of the embodiment 1 in that the gas jet flow straightener
70B is provided in place of a gas jet flow straightener 70.
Since the other configurations are the same as those of
the activated gas generation apparatus 501, the same
reference numerals are given, and the explanation will
be appropriately omitted.
[0174] As shown in these figures, both an inlet part
711B and an outlet part 710B of a gas flow-straightening
passage 71B of the gas jet flow straightener 70B are
opened in a line shape with the X direction as a longitu-
dinal direction. As in the gas flow-straightening passage
71, the outlet opening area of the outlet part 710B of the
gas flow-straightening passage 71B is set to be narrower
than the inlet opening area of the inlet part 711B, and the
cylindrical gas jet of each of a plurality of nozzle passing
activated gases is converted into a linear flow-straight-
ened activated gas along the X direction (predetermined
direction) according to the flow-straightening action.
[0175] Therefore, as with the gas jet flow straightener
70, the gas jet flow straightener 70B can spray the linear
flow-straightened activated gas having high uniformity
toward a wafer 34 which is a substrate to be treated.
[0176] Furthermore, the gas flow-straightening pas-
sage 71B provided in the gas jet flow straightener 70B
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has a structure in which the direction of the outlet part
710B is inclined in an oblique direction. That is, the gas
jets of the nozzle passing gases which have entered the
gas flow-straightening passage 71B vertically from a noz-
zle constituent part 40 collide with a direction regulating
surface 75 provided in the gas flow-straightening pas-
sage 71B, so that the direction of the gas jets is changed
to a + Y direction, and the cylindrical gas jets are simul-
taneously deformed, and proceed to the outlet part 710B.
The gas jets which have been clearly separated individ-
ually are easily reformed in the gas flow-straightening
passage 71B by the deformation, which makes it possible
to change the jets to a line state.
[0177] The shape of the direction regulating surface
75 is not limited to a straight inclined surface, and may
be a circular shape or an elliptical shape. However, a
shape configuration is desirable, in which about half or
more of the cross-section of the plurality of cylindrical
nozzle passing gases via the nozzle constituent part 40
is in contact with the direction regulating surface 75.
[0178] As described above, the gas flow-straightening
passage 71B of the gas jet flow straightener 70B in the
activated gas generation apparatus 502 according to the
embodiment 2 is provided so as to supply the flow-
straightened activated gas not along a direction perpen-
dicular to the wafer 34 but along an oblique direction hav-
ing a predetermined angle from the perpendicular direc-
tion.
[0179] The activated gas generation apparatus 502 ac-
cording to the embodiment 2 supplies the flow-straight-
ened activated gas along a direction oblique to the wafer
34 which is a substrate to be treated, so that the activated
gas generation apparatus 502 can exhibit an effect of
supplying the flow-straightened activated gas in a wider
region with respect to the substrate to be treated without
largely impairing uniformity.

<Embodiment 3>

[0180] Fig. 28 is an illustration diagram showing a con-
figuration of a gas jet flow straightener 70C of an activated
gas generation apparatus 503 according to an embodi-
ment 3 of the present invention. Fig. 28(a) is a bottom
view, Fig. 28(b) is a cross-sectional view showing a cross-
sectional structure in a short direction length LB of Fig.
28(a), and Fig. 28(c) is a top view. In Fig. 28, an XYZ
coordinate system is appropriately shown.
[0181] The activated gas generation apparatus 503 of
the embodiment 3 is different from the activated gas gen-
eration apparatus 501 of the embodiment 1 in that a gas
jet flow straightener 70C is provided in place of a gas jet
flow straightener 70. Therefore, the overall configuration
is the same as that of the activated gas generation ap-
paratus 501 of the embodiment 1 shown in Figs. 1 to 3
except that the gas jet flow straightener 70 is replaced
by the gas jet flow straightener 70C.
[0182] As with the gas jet flow straighteners 70 and
70B, also in the gas jet flow straightener 70C according

to the embodiment 3, the outlet opening area of an outlet
part 710C is narrower than the inlet opening area of an
inlet part 711C of the gas jet flow straightener 70B, and
a length in an X direction which is a longitudinal direction
is set to be the same. As shown in Fig. 28(b), a length in
a Y direction which is a short direction is shorter from the
inlet part 711C to the outlet part 710C.
[0183] That is, the outlet part 710C of a gas flow-
straightening passage 71C has an opening shape with
the X direction as the longitudinal direction and the Y
direction intersecting perpendicularly with the longitudi-
nal direction as the short direction.
[0184] Therefore, as with the gas jet flow straightener
70, the gas jet flow straightener 70C injects flow-straight-
ened activated gas along a direction perpendicular to a
wafer 34 which is a lower substrate to be treated, from
the outlet part 710C according to a flow-straightening ac-
tion causing the plurality of nozzle passing activated gas-
es to pass through the gas flow-straightening passage
71C.
[0185] Furthermore, as shown in Figs. 28(a) and 28(c),
in the outlet part 710 C of the gas jet flow straightener
70C, a formation width in the Y direction which is the
short direction changes to be shorter along the X direction
which is the longitudinal direction.
[0186] That is, the outlet part 710C is formed so that a
short direction length LB1 which is a formation width in
a Y direction of an end part in a -X direction and a short
direction length LB2 which is a formation width in a Y
direction of an end part in a + X direction satisfy {LB1 >
LB2}.
[0187] Since the gas flow-straightening passage 71C
of the gas jet flow straightener 70C is formed as described
above, the activated gas generation apparatus 503 of
the embodiment 3 can supply the flow-straightened ac-
tivated gas to the wafer 34 which is the substrate to be
treated while changing the degree of supply of the flow-
straightened activated gas along the longitudinal direc-
tion (X direction).
[0188] A structure can also be achieved, in which the
gas jet flow straightener 70C of the embodiment 3 is com-
bined with the gas jet flow straightener 70B of the em-
bodiment 2. That is, it is also possible to achieve the gas
jet flow straightener including both the outlet part 710C
having the formation width in the short direction changes
to be shorter along the longitudinal direction and the gas
flow-straightening passage 71B which supplies the flow-
straightened activated gas along a direction oblique to
the wafer 34 which is the substrate to be treated.
[0189] While the present invention has been described
in detail, the foregoing description is in all aspects illus-
trative, and the present invention is not limited thereto. It
is understood that numerous modifications not illustrated
can be devised without departing from the scope of the
present invention.
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Explanation of Reference Signs

[0190]

1A: high-voltage side electrode constituent
part

2A: ground side electrode constituent part
12: nozzle part
13: first stage restricting cylinder
14, 14B: second stage restricting cylinder
15: third stage restricting cylinder
31X: generator housing
33X: treatment chamber housing
34: wafer
40: nozzle constituent part
55: gas spray hole
70, 70B, 70C: gas jet flow straightener
71, 71B, 71C: gas flow-straightening passage
301: activated gas generating electrode

group
501 to 503: activated gas generation apparatus

Claims

1. An activated gas generation apparatus comprising:

a substrate accommodating part (35X) for ac-
commodating a substrate to be treated (34);
an activated gas generating electrode group
(301) including first and second electrode con-
stituent parts (1A, 1B) and spraying an activated
gas obtained by utilizing a discharge phenome-
non from a source gas from a plurality of gas
spray holes discretely formed in said second
electrode constituent part, each of said plurality
of gas spray holes functioning as a first restrict-
ing cylinder (13) formed in a circular opening
cross-sectional shape with a first diameter in
plan view; and said first diameter being set so
that a pressure difference between a primary
pressure before passing through said gas spray
holes and a secondary pressure after passing
is equal to or higher than a predetermined pres-
sure ratio;
a nozzle constituent part (40) including a plural-
ity of nozzle parts (12) provided to correspond
to said plurality of spray holes of said activated
gas generating electrode group one-on-one,
each of the nozzle parts causing the activated
gas sprayed from each of said plurality of gas
spray holes to pass therethrough, to obtain a
nozzle passing activated gas; and
a gas jet flow straightener (70) including an inlet
part receiving the plurality of nozzle passing ac-
tivated gases passing through said nozzle con-
stituent part, and injecting the flow-straightened
activated gas toward said substrate to be treat-

ed, from an outlet part according to a flow-
straightening action causing said plurality of
nozzle passing activated gases to pass through
gas flow-straightening passages (71, 71B, 71C),
wherein
each of said plurality of nozzle parts includes a
second restricting cylinder (14, 14B) formed in
a circular opening cross-sectional shape with a
second diameter in plan view and supplying the
activated gas supplied from said first restricting
cylinder toward said gas jet flow straightener;
said second diameter is set to be longer than
said first diameter, and said nozzle passing ac-
tivated gases are cylindrical gas jets; and
said gas flow-straightening passage is formed
so that an outlet opening area of said outlet part
is set to be narrower than an inlet opening area
of said inlet part, and cylindrical gas jets of said
plurality of nozzle passing activated gases are
converted into said linear flow-straightened ac-
tivated gas along a predetermined direction by
said flow-straightening action.

2. The activated gas generation apparatus according
to claim 1,
wherein said gas flow-straightening passage (71) is
provided so that said flow-straightened activated gas
is supplied along a direction perpendicular to said
substrate to be treated.

3. The activated gas generation apparatus according
to claim 1,
wherein said gas flow-straightening passage (71B)
is provided so that said flow-straightened activated
gas is supplied along an oblique direction having a
predetermined inclination from a direction perpen-
dicular to said substrate to be treated.

4. The activated gas generation apparatus according
to claim 1, wherein
said outlet part (710C) of said gas flow-straightening
passage (71C) has an opening shape with said pre-
determined direction as a longitudinal direction, and
a direction perpendicularly crossing to said longitu-
dinal direction as a short direction; and
said outlet part is formed so that a formation width
of said short direction changes along said longitudi-
nal direction.

5. The activated gas generation apparatus according
to any one of claims 1 to 4,
wherein a gas contact region which is a region in
contact with a gas in said gas jet flow straightener is
formed of quartz or an alumina material as a constit-
uent material.

6. The activated gas generation apparatus according
to any one of claims 1 to 4,
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wherein said source gas is a gas containing at least
nitrogen, oxygen, fluorine, and hydrogen.

7. The activated gas generation apparatus according
to any one of claims 1 to 4, wherein
in said activated gas generating electrode group,
said second electrode constituent part is provided
below said first electrode constituent part, and by
applying an AC voltage to said first and second elec-
trode constituent parts, a discharge space is formed
between said first and second electrode constituent
parts, and by activating a source gas supplied to said
discharge space, an activated gas is generated;
said first electrode constituent part includes a first
dielectric electrode (111) and a first metal electrode
(101H, 101L) selectively formed on an upper surface
of said first dielectric electrode, said second elec-
trode constituent part includes a second dielectric
electrode (211) and a second metal electrode (201H,
201L) selectively formed on a bottom surface of said
second dielectric electrode, and in a dielectric space
where said first and second dielectric electrodes face
each other by an application of said AC voltage, a
region where said first and second metal electrodes
overlap each other in plan view is defined as said
discharge space;
said second metal electrode includes a pair of sec-
ond partial metal electrodes (201H, 201L) formed so
as to face each other with a central region (R50) of
said second dielectric electrode interposed therebe-
tween in plan view, and said pair of second partial
metal electrodes have a first direction as an elec-
trode formation direction and a second direction in-
tersecting with said first direction, said pair of second
partial metal electrodes facing each other in the sec-
ond direction, said predetermined direction being
said first direction;
said first metal electrode includes a pair of first partial
metal electrodes (110H, 110L) including a region
overlapping with said pair of second partial metal
electrodes in plan view;
said second dielectric electrode includes

said plurality of gas spray holes (55) formed in
said central region and formed along said first
direction, and
a central region step part (51) formed so as to
protrude upward in said central region; and

said central region step part is formed so as to have
a shorter formation width in said second direction as
approaching said plurality of gas spray holes in plan
view without overlapping with said plurality of gas
spray holes in plan view.
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